Urban areas around the world, particularly in emerging nations such as China, India, and Brazil are experiencing high levels of air pollution due to increased population, economy, spending, and consumption, all of which contribute to deterioration in environmental and public health conditions in urban areas. This paper briefly discusses important sources of air pollution, air pollutants of concern, public health impacts, and proposed strategies to combat urban air pollution and promote sustainable urban living. A team of researchers under the mentorship of the main author is working on a number of air quality projects that involve air quality monitoring (sources, ambient, indoor, and occupational), emissions modeling, atmospheric dispersion modeling, air pollution control, and development of knowledge-based systems to manage air quality. This paper presents potential strategies that could help address the growing public health concerns in urban areas and promote sustainable and healthy living.
Introduction
The populations of the rapidly expanding cities of Asia, Africa, and Latin America are increasingly exposed to ambient air pollutants by several folds compared to the levels of exposures in developed countries. It is estimated that more than 1 billion people are exposed to outdoor air pollution annually. Urban air pollution is linked to about 1 million premature deaths and 1 million pre-native deaths each year [1] . Urban air pollution is estimated to cost approximately 2% of GDP in developed countries and 5% in developing countries [1] . Rapid urbanization has resulted in increasing urban air pollution in major cities, especially in developing countries.
The potential for serious consequences of exposure to high levels of ambient air pollution was made clear in the mid-20th century when cities in Europe and the United States experienced episodes of air pollution, such as the incidents of London Fog of 1952 [2] and Donora Smog of 1948 [3] , which resulted in large numbers of excess deaths and hospital admissions. In more recent years, the "gray sky" phenomenon has been the subject of growing public concern. Research shows that high levels of ambient fine particles (PM 2.5 ) lead to poor visibility [4] .
Urban air pollution occurs when there are continuous or large emissions of air pollutants. The level of pollution depends on the meteorological (wind conditions and atmospheric stability) conditions as well. Urban air pollution is usually associated with high quantities of sulfur dioxide, oxides of carbon (dioxide and monoxide), oxides of nitrogen, and particulate matter (PM 10 and PM 2.5 ) present in the atmosphere. Depending on other emission sources in cities, heavy metals and volatile organic compounds (VOCs) are also present. In the United States air pollutants are broadly categorized into criteria pollutants (SO 2 , NO x , CO, O 3 , PM 10 and Pb) and hazardous air pollutants (HAPs). Criteria pollutants have federal standards as promulgated by the United States Environmental Protection Agency (U.S. EPA) which are shown in Table  1 . Whereas HAPs do not have national ambient standards and the goal is to eliminate them from the air environment to the extent possible as they are considered to be hazardous/toxic to human health at any levels.
Data from the World Health Organization (WHO) indicates that the world's average PM 10 levels by region ranges from 21 to 142 µg/m 3 , with a world average of 71 μg/m 3 [5] . Scientific studies suggest that fine particulate matter -less than 10 microns in diameter (PM 10 ) -is likely to be the most dangerous because such fine particles can be inhaled deeply into the lungs where the clearance time of deposited particles is much longer, increasing the potential for adverse health effects.
Countries like China, India and Pakistan have recently become highly polluted in terms of air pollution. By the end of 2011, the mainland of the People's Republic of China had a total urban population of 691 million or 51.2% of the total population, rising from 26% in 1990.
In the 11-yr period of 1990--2001, the urban population increased 10%, from 26% to 36% of the population as seen in Figure 1 . Similarly, GDP changes are shown in Figure 2 [6]. More than 450 million of China's 1.3 billion people are now living in urban areas where over 70 percent of China's gross domestic product (GDP) is generated [7] . Two out of three cities in China failed to meet the residential ambient air quality standard, resulting in large population exposure to health risks such as chronic bronchitis, pulmonary heart disease, and lung cancer. Respiratory diseases are a leading cause of premature deaths in China. In the long term, China faces increasing urbanization; according to predictions, nearly 70% of the population will live in urban areas by 2035 [8] .
In addition to PM 10 and PM 2.5 , China has large emissions of sulfur dioxide and total suspended particles (TSP) [9] . In 2001, the concentration of PM 2.5 in Beijing averaged 110 µg/m 3 , more than seven times the ambient air quality standard established for the United States by the U.S. EPA for fine particulate matter [10] .
According to the 2001--2008 "State of the Environment in China" reports, the average daily concentration of SO 2 in urban air was between 1 -389 μg/m 3 while the average daily NO 2 urban air concentration in China fluctuated between 2 and 77μg/m 3 . At present, the particulate pollution in China's ambient air is very serious, with not only high levels of TSP concentrations but also comparatively high levels of PM 10 and PM 2.5 concentrations [11] .
Figures 3-5 depict the ambient air quality in some of the cities of China [9] .
In addition to air pollution, water pollution and other forms of pollution also pose serious threat to human health. Clean water is very essential for consumption by an individual. However, in most of the developing cities (or countries), clean water is readily available via water treatment plants set up by various governmental and nongovernmental agencies. Air pollution is one thing that can only be treated at the source of the pollution. Once the pollutant is emitted into the atmosphere, it is very difficult to clean up.
Sources of Urban Air Pollution
Several sources were identified that cause urban air pollution. The major source of deterioration of urban air quality is transportation. Vehicles like cars or trucks run on internal combustion engines which use gasoline or other fossil fuels. This process of burning the fuel to power vehicles contributes to air pollution by releasing air pollutants such as particulates (TPM, PM 10 , PM 2.5 ), SO 2 , NO x , CO, and unburned hydrocarbons. These emissions cause cancer and other serious health issues.
The American Lung Association reports that 30,000 people are killed by car emissions annually in the United States alone [12] . A study by the World Health Organization reported in National Geographic News states that air pollution in China is related to around 656,000 deaths every year throughout the country [13] . China currently has one car for every 17.2 people. In the United States, there's one car for every 1.3 people. If China were to catch up with the U.S. car ownership rate, the country would field a billion vehicles all by itself [14] .
Listed below are the specific air pollutants emitted from transportation related sources. Percentages mentioned indicate contribution of these transportation sources to the overall ambient concentration of that particular air pollutant.
 4 ) and is also used in batteries (lead dioxide as an anode and lead as a cathode).
 Odors-Diesel and gasoline engines are the major sources of odors. [15] Gas stations also contribute to urban air pollution, particularly because of the evaporation of gasoline during filling of gas station storage tanks and vehicles. The main compounds are: benzene, toluene, ethylbenzene, xylenes, lead, methyl tertiary butyl ether (MTBE; MTBE is currently classified as a potential human carcinogen), ethylene dichloride (EDC) and naphthalene. [16] Dry cleaning shops are common sources present in the urban environment which pose significant threat to human health. These facilities emit volatile organic compounds (VOC), most of which are considered to be HAPs. Dry cleaning units emit perchloroethylene (Perc) and petroleum solvents [18] . Perc may cause cancer in human and is identified as HAP. Perchloroethylene can be measured in the breath, and breakdown products of it can be measured in the blood and urine [19] . Petroleum solvents used in this industry also emit HAPs and VOCs. Specific VOCs include: Stoddard solvent which is a mixture of C5-C12 petroleum hydrocarbons containing 30% -50% straight-and branched-chained alkanes, 30% -40% cycloalkanes, and 10% -20% alkyl aromatic compounds [20] .Other contaminants are carbon tetrachloride, trichloroethylene, perchloroethylene, 1,1,2-trichlorotrifluoroethane, 1,1,1-trichloroethane, glycol ethers, decamethylcylcopentasiloxane, n-propyl bromide, pure dry™ [20] . 
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Compounds in VOCs can react with sunlight and contribute to ground level ozone which can cause respiratory disease. In 1991, California wasthe first state which declared perchloroethylene as a toxic chemical.As a result of thisban will be implemented on using this material by thedry cleaners in that state from 2023 [21] A recent study at Georgetown University shows that perc remains in dry-cleaned clothes and the level of this chemical increases with repeated dry cleanings [22] .
Health Impacts from Exposure to Air Pollutants
The health impacts of a particular air pollutant depends on the pathway that it enters a human body and the type of interactions it goes through once it is inside the body. This is depicted in Figure 6 . Usually, the pathway of exposure to an air pollutant is inhalation of the pollutant. Another route of exposure could be dermal where the skin comes in contact with the pollutant. Skin offers a good resistance to any air pollutant, but in case of any cracks or aberrations, it is highly possible that the pollutant might enter the body through the skin. The extent of exposure depends on the dose that the individual is exposed to and the time that the individual was exposed for. Even when the individual goes through a very small dosage of the pollutant, if the time period of exposure is long enough, the person can suffer a fatality in some cases. Based on this, the health impacts are classified as acute and chronic.
Air pollutants majorly affect the respiratory system that mainly constitutes the lungs. The various effects on the respiratory system are increased respiratory (lung) illnesses, asthma exacerbations (makes asthma worse), decreased lung function in children, and chronic respiratory illnesses. In some cases with high levels of exposure,air pollutants can cause cancer and premature death. Once inside the lungs, the air pollutants get picked up by the bloodstream and can cause a number of cardiovascular impacts. These include, but not limited to, myocardial infarction (heart attack), stroke, hypertension (high blood pressure), atherosclerosis (artery disease), arrhythmia (irregular heartbeat), and thrombosis (abnormal clotting).
In several cases, certain reproductive (birth) defects have been observed. These birth defects are preterm babies (born earlier than they should be), low birth weight, slow growth in the womb, miscarriage, still birth, premature birth, infant mortality. Studies have found that a 10% increase in PM and SO 2 pollution are associated with a 1% increase in infant deaths. Also, breathing high levels of urban air pollution almost tripled a mother's chances of having a low birth weight baby.
More in-depth health impacts are shown in Tables 1-3 .
Quantifying the magnitude of these health impacts in cities worldwide, however, presents considerable challenges owing to the limited availability of information on both effects on health and on exposures to air pollution in many parts of the world. Man-made urban air pollution is a complex mixture with many toxic components.
An Integrated Approach to Risk Assessment
An air quality research team at the University of New Orleans (UNO) is involved in research that promotes integrated air quality management using health risk as an important criteria. As part of integrated air quality management, the team typically uses the following strategies and research methods to achieve the overall air quality management goals:  Air quality monitoring: Monitoring of ambient air quality, source emissions, indoor air quality, and occupational exposures are monitored as part of the research methodology.
 Modeling: Modeling strategies used include, emissions modeling, atmospheric dispersion modeling, exposure modeling (both ambient conditions and indoor conditions).
 Clean/green technologies: As part of this initiative, research efforts are made to optimize industrial and municipal processes with the goal of (a) promoting/increasing efficiency, (b) minimize consumption of natural resources, input materials, fuel, and energy, (c) minimize life-cycle costs, (d) reduce waste quantities, and (e) minimize health risks (cancer and non-cancer health risks). UNO has an emissions test facility which can be used to simulate industrial and other processes to evaluate existing manufacturing technologies and recommend process changes to achieve environmental friendliness. Development of decision support systems: Kura's research team developed a number of decision support systems for industrial environmental management, occupational exposures and health management, health risk management system for public, and life cycle assessment and life cycle costing predictive model for industrial processes.
Proposed Research and Management Strategies for Urban Air Quality Management
As the urban air environment is contaminated with a variety of pollutants such as criteria pollutants (CO, SO 2 , NO x , PM 10 , PM 2.5 , Pb, O 3 ) and hazardous air pollutants (heavy metals, volatile organic compounds, and others) from a wide range of sources such as transportation, commercial, and industrial sources, urban air quality management requires a comprehensive and integrate approach. Kura's research team at UNO has significant experience in this area. A conceptual urban air quality management approach is described in this section:  Identify sources of air pollution in the immediate urban area and the area of influence  Knowing the sources of air pollution to identify the specific pollutants that may be released in the air environment  Conduct preliminary air quality monitoring to identify the concentration ranges for air pollutants of concern  Identify the best monitoringtechniques, equipment, and resources needed to understand the short term and long term trends of these pollutants  Establish a permanent network of air quality monitoring stations to measure criteria pollutants and hazardous air pollutants  Develop a database of air pollutant emission quantities from various sources that have been identified for Copyright © 2013 SciRes. CWEEE B. KURA ET AL. 8 the urban area being investigated  Evaluate the relationships between the emission quantities and the ambient concentrations under various meteorological conditions  Prioritizethe sources of air pollution for regulating as appropriate  Use the data obtained from the network of air quality monitoring stations for developing policies to control emissions and also to make changes in public behavior which may be responsible for poor air quality (traffic; open burning; fuel combustion; others)
 Develop a decision support system to integrate the ambient air quality data to compute exposures and health risk probabilities (cancer and non-cancer)  Use the data from the decision support system to assist the policy makers, scientists, and the public to achieve the required air quality management goals.
A proposed integrated air quality management plan for urban areas is illustrated in Figure 7 .
Summary and Conclusions
This paper presents various urban air quality challenges experienced by many cities around the world. More specifically, types of sources present in urban areas, types of air pollutants, and health hazards associated with most common urban air pollutants. Due to the high concentration of population, recent growth in the economy and increased consumption resulted in deteriorated air quality. Information provided in this paper and some suggested strategies discussed should be helpful to initiate a dialogue among interested parties. While it is not practically feasible to discuss all aspects of integrated urban air quality management strategies, this paper should serve well in undertaking further actions by the stake-holders from the governmental agencies, the scientific community, and the public.
